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Some studies in the past have shown that carriers of genes 
for recessive deafness cannot be identified by standard au­
diometry. However, remarkable results with regard to the 
identification of heterozygotes have been reported using 
Bekesy audiometry and Audioscan audiometry. In the pre­
sent study, nine obligate carriers from five families with the 
Usher syndrome type IB were examined. Methods that re­
flect the function of the cochlea, including pure-tone au­
diometry, Audioscan audiometry, and otoacoustic emission 
measurements were used to detect (subtle) audiometric man­
ifestations of heterozygosity. Abnormalities in hearing sen-
sitivity were found in some obligate carriers but to the same 
extent in some of the controls. No statistically significant 
differences were found in the presence of audiometrie ab­
normalities between carriers and controls. Additional audio­
logic measurements indicated that if hearing loss was pre­
sent in Usher type IB carriers, it was presumably of cochlear 
origin, It is concluded that carriers of the Usher syndrome 
type IB cannot be identified properly via standard audio­
metrie methods. KeyWords: Usher syndrome type IB— 
Audiometrie identification.
Am J  Otol 17:853-858, 1996.
The Usher syndrome is an autosomal-recessive dis­
order with congenital sensorineural hearing loss and re­
tinitis pigmentosa. It was first described by a British 
ophthalmologist in 1914 and affects approximately three 
to four per 100,000 people. Three different types o f the 
Usher syndrome can be distinguished, based on the clin­
ical features (1), Gene analysis demonstrated that the 
clinical types I and II can be caused by genes on vari­
ous loci (Table l)(2 -4 ).
Information on the carrier status might be o f  impor­
tance to members o f a family with affected members. 
As long as genetic identification o f carriers is not yet 
possible, there will be a search for tests that may iden­
tify clinically carriers of the Usher syndrome.
Throughout the years, several studies have focused 
on the identification of carriers o f autosomal-recessive 
deafness using audiometric tests. Table 2 summarizes 
the results of carrier studies that have been performed 
in the past few decades. Some studies found that an au­
tosomal-recessive gene had no influence on the hearing 
abilities of carriers (5-8). On other hand, other investi­
gators described hearing impairment in excess o f  the 
age-related hearing loss in the pure-tone audiograms of
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carriers o f several autosomal-recessive deafness syn­
dromes (9-12). Anderson et al. (13) and, more recent­
ly, Meredith et al. (14) reported typical hearing notch­
es in the Bekesy audiograms and/or the Audioscan 
audiograms o f these carriers. These studies suggest that 
more refined audiometric methods may be used to trace 
some degree o f hearing loss in carriers, In a compara­
tive study, Meredith et al. found that Audioscan au­
diometry was more sensitive than Bekesy audiometry 
to detect notches in hearing sensitivity (14). Therefore, 
we focused on Audioscan audiometry and studied car­
riers o f the Usher syndrome type IB as part o f  an on­
going project on the clinical and genetical aspects o f  the 
Usher syndrome type I. Because individuals with type
I are more severely affected than are individuals with 
the Usher syndrome type II, we hypothesized that if an 
influence o f the gene was to be measured in heterozy­
gotes, it might be more prevalent in obligate carriers of 
the Usher syndrome type I than in carriers o f the Usher 
syndrome type II. Therefore, we expected the audio­
metric abnormalities found in the Usher syndrome type
II carriers to be even more pronounced in our study 
group of Usher type IB carriers, In addition to Audioscan 
audiometry, otoacoustic emission (OAE) measurements 
(15) were performed to verify the presence o f hearing 
notches detected with Audioscan.
The origin o f  possible (subtle) audiometric abnom- 
alities in the carriers o f the Usher syndrome type 1 may
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TABLE 1. Subtypes o f  the Usher syndrome
Usher syndrome 
type Hearing loss
Vestibular
function
Retinitis
pigmentosa Linkage
1 Severe to profound, congenital Absent Prepubertal USH1A: chromosome I4q32
USHIB: chromosome 11 q 13.5
(myosin VII A)
USH 1C; chromosome 11 p 13 -15
II Moderate to profound, stable or Normal Pre-/postpubertal USH2A: chromosome 1 q 14
progressive, congenital USI-I2B: unlinked
III Progressive, congenital Variable Pre-/postpubertaI USH3: chromosome 3q
be related to the myosin Vila protein. Recently the Usher 
IB gene was identified as coding for this protein. 
Myosin Vila may be important for the motion o f  the 
stereocilia in the inner ear, but its exact function in the 
cochlea and retina is yet unknown. Mutations in the gene 
may give rise to single amino acid substitutions, which 
would be expected to produce an abnormal myosin Vila, 
whereas mutations that truncate the message would not 
be expected to produce protein product. One would pre­
sume that in carriers with mutations that actually change 
the amino acid composition, abnormal and normal 
myosin Vila protein would coexist in the cy to structure 
of the inner and outer hair cells and that audiologic char­
acteristics of the Usher syndrome, albeit mild, would be 
predicted. In order to find audiologic evidence for the 
presumed cochlear origin of the hearing loss in the car­
riers o f  the Usher syndrome type IB, if  present, addi­
tional measurements (speech audiometry, auditory 
evoked potential measurements, and stapedius reflex 
testing) were performed.
SUBJECTS AND METHODS
Figure I shows the pedigrees o f the families involved 
in this study. Carriers are numbered 1 to 9. In two fam­
ilies the parents were related. Gene linkage data were 
available on all families, obtained from the Boys Town 
National Research Hospital (Omaha, NE). All pedigrees 
showed linkage to chromosome 11 q 13*5 and were there­
fore designated as USH1B. The obligate carriers in this
study, comprising five women and four men 40-75 years 
of age, were the parents of one or more affected chil­
dren. The diagnosis o f the Usher syndrome type I in 
these children was confirmed by medical history and 
thorough otoscopical, audiovestibular, and ophthalmo- 
logical examination at the University Hospital Nijmegen 
(UHN) (12). None o f the carriers complained o f hear­
ing impairment, except for carrier 9, the oldest carrier, 
who was using a hearing aid, A control group compris­
ing 25 individuals (15 women and 10 men 24-60 years 
of age) was recruited from the staff at the UHN. None 
of them had a history o f  hearing impairment.
Pure-tone audiometry was performed using the au­
tomated Hughson- Westlake procedure. The Audioscan 
audiometer (Essilor, Ltd) with Beyer Dynamic DT48 
headphones was used for this purpose, calibrated ac­
cording the ISO 389 (16). The method of ISO 7029 (17) 
was followed to calculate the P50 and P90 (50th and 
90th percentiles) threshold values for presbyacusis for 
each carrier and control subject in relation to her or his 
age and sex. The individual P50 and P90 values thus ob­
tained at I, 2, 4 and 8 kHz are compared with the mea­
sured values. This method has been described in more 
detail by Robinson and Sutton (18).
All the subjects also were tested audiometrically ac­
cording to the Audioscan method (14,19,20). This 
method makes use o f  frequency sweeps at a fixed level 
(in dB HL) to scan hearing acuity from 0.25 to 8 kHz, 
The sweep rate was 15 s per octave. If the tone sweep 
was not heard in a certain frequency region, the in-
TABLE 2. Review o f  the li tenti it re on the audiometrie identification o f  carriers o f  autosomal-recessive deafnesx
Audiometry
Year First author
/ Y U U O U J  1 U U ~ l  V U
obligate carriers Type Results
1957 Wildervanck Parents (n ~ 30) Pure tone Nil
1966 Kloepfer Parents/siblings (n = 28) (Usher type I) Pure tone Slight hearing loss
J 968 Anderson Parents (n = 60) Békésy Notches ( 17%)
1971 McLeod Parents/siblings (n = 8) (Usher type 11) Pure tone High frequency hearing loss
1989 M arres Parents (n = 10) Békésy NH
1991 Van Rijn Parents (n -  60) Pure tone NH
1992 Meredith Parents/siblings (n ~ 5) (Usher type II) Békésy NH
Audioscan Notches ( 100%)
J 995 Van Aarem Parents/siblings (n = 10) (Usher type IIA) Pure tone Hearing loss
NH, normal hearing.
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FIG. 1. Pedigrees of the five families Involved in this study, Carriers are numbered 1 to 9.
tensity in that frequency region was increased auto­
matically in 5-d.B steps (19). Figure 2 shows a typical 
example of an Audioscan recording obtained from one 
o f  the carriers. Notches in hearing sensitivity can be 
identified on these recordings. A hearing notch was 
defined as an increase in the hearing threshold o f  at 
least 15 dB within one octave, with recovery at high­
er frequencies of at least 10 dB, We determined hear­
ing notches in the frequency range of 0.5 to 3 kHz be­
cause notches in the 4-kHz range might result from 
noise exposure (13,14).
Cochlear function also was evaluated by means o f  
OAEs. Although OAEs and hearing acuity are related, 
this relationship is not straightforward (15,21). There­
fore, in the present study OAEs were only used to ver­
ify audiometrically determined hearing notches. Tran­
sient evoked OAEs (TEOAEs) were obtained using the 
IL088-system (Otodynamics) (15). Unfiltered 80~|»is
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FIG. 2. A: Audioscan recording of the left ear of carrier 1. At -2.5 kHz a notch in hearing sensitivity Is seen. B: Results of pure-tone au 
diometry in the same ear.
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clicks were used at a stimulus level of 80 dB sound pres­
sure level (SPL) (±3 dB). The TEOAE plots were judged 
for the presence or absence of an OAE based on the 
stimulus parameters, response parameters, and spectra.
In five o f the nine carriers, who had (some) hearing 
loss, audiometric evaluation was supplemented by speech 
audiometry, stapedius reflex measurements, and brain 
stem audiometry (ABR) to study the site of the lesion. 
The remaining four carriers were not included in this 
part o f the study because hearing sensitivity was found 
to be normal.
Tests were performed in double-walled sound-treated 
rooms by the same person. Standard lists of monosylla­
bles were used for speech audiometry Stapedius reflex 
measurements with contralateral stimulation were taken 
using a clinical acoustic impedance meter (Amplaid 720). 
The test signals were pure tones of 0.5, 1,2, and 4 kHz. 
In accordance with Anderson et al, (13), stapedius reflex 
thresholds of 100 dB hearing level (I-IL) or more were 
considered to be pathological. For the ABR measure­
ments, electrodes were placed on the forehead and both 
mastoids. The ground electrode was placed on the sub­
ject’s wrist. Condensation and rarefaction clicks o f  70 
dB normal hearing level (nHL) were applied, generated 
by the Medelec AS 10 with a duration o f 0.1 ms and a 
repetition rate o f 15 per second. If the response quality 
was poor, the measurement was repeated at 80 dBnHL. 
Responses to 1,024 stimuli, band pass filtered (0.1-3  
kHz), were averaged and stored (Medelec ER94a).
RESULTS
Results of pure tone and Audioscan audiometry in 
obligate carriers are presented in Table 3. In eight of the 
carriers, the PTA was below 20 dB I-IL, which indicates 
normal hearing. However, carriers 2, 4, 8, and 9 were 
found to have high-frequency sensorineural hearing loss 
(threshold at 4 and/or 8 kHz exceeding 20 dB HL), In 
carrier 8, the hearing loss was asymmetrical. In the con­
trol group, 24 o f  the 25 subjects had normal hearing. 
One subject had high-frequency hearing loss.
Next, the individual thresholds were compared with 
age- and sex-matched P50 values. This was done at I,
2, and 8 kHz, and the average differences were calcu­
lated (Table 3, rows 6 and 7). The 4-kHz threshold was 
excluded to minimize the effect of noise-induced hear­
ing notches . The average measured thresholds o f the 
carriers were 2.2 dB above the P50 values with a stan­
dard deviation o f 9.0 dB. This difference is not statisi- 
cally significant (/ test). (As a control, we compared 
measured and P50 values of our control group; on av­
erage, a difference o f  2 dB was found that was consid­
ered as adequate.) On an individual level, 44% of the 
carrier’s ears showed measured thresholds below the 
P50 values and 100% below P90 values.
The Audioscan method detected hearing notches in 
the 0.5-3 kHz range in four of the 18 ears (22%) of ob­
ligate carriers (Table 3, rows 8 and 9). However, in eight 
of the 50 control ears (16%) a hearing notch was also 
found. Because the mean age in the control group (36 
years) was lower than that in the carrier group (54 years), 
we reevaluated these results using the data from sub­
jects 40-60 years of age in the carrier group (n = 7; mean 
age 51 years) and control group (n = 8; mean age 49 
years). Table 4 summarizes the results; there were no 
statistically significant differences in the occurrence of 
notches between either the whole carrier and control 
groups or between the age-matched carrier and control 
subgroups (%2 test, p > 0.05).
TEOAE measurements were introduced to verify the 
presence o f  audiometrically determined hearing notch­
es. The spectra of the OAE of carriers 1 and 4, who had 
a hearing notch according to Audioscan audiometry, 
were examined. No reproducible response was found 
between 2.2 and 4.3 kHz in either ear of carrier 1 and 
between 2.3 and 3.6 kHz in either ear of carrier 4. These 
results are in accordance with the notch region found 
by Audioscan audiometry.
Next, a comparison was made of the TEOAE response 
of the carriers 40 -60  years of age and a control group 
of age-matched subjects with normal hearing taken from 
our database (unpublished observations). The result is
TABLE 3. Results ofpure-tone audiometry and Audi os can audiometry in obligate carriers o f  the Usher syndrome
Carrier Sex
Age
(yi‘)
PTA (dB ML) 
(0.5, I, 2 kHz)
Measured threshold 
minus P50 (dB ML) 
(1 ,2 , 8 kHz)
Depth notches 
(dB HL)
AD AS AD AS AD AS
1 F 40 12 12 -1-2 -1-7 15 15
2 M 45 7 3 +3 +6 • — ......
3 F 51 10 2 +5 -5
4 M 53 18 13 +3 -2 55 30
5 F 59 8 3 -6 “ 16
6 F 49 15 5 +5 -2 - ---
7 M 53 8 3 -2 -9
8 F 65 8 18 -2 +20 i , . , ,,4
9 M 75 25 22 + 17 + 15 ---------- ... , .  ,
AS, left ear; AD, right ear; —, no notch in hearing sensitivity found.
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TABLE 4. Oc cunence o f  notches in hearing sensitivity 
usingAuclioscan audiometry in obligate carriers and controls
Group Ears Occurrence o f  notches
Carriers 18 4 (22%)
Controls 50 8 (16%)
Carriers (40-60 yr) 14 4 (28%)
Controls (40-60 yr) 16 4  (25%)
presented in Table 5. Literature values on a population 
of subjects with normal hearing in the same age range 
have been added (21). No statistically significant dif­
ferences were found between the three groups.
In carriers I and 4, who had a notch in hearing sensi­
tivity, and carriers 2, 8, and 9, who had high-frequency 
hearing loss, additional audiometry was performed to 
verify the origin o f the hearing loss, or, more specifical­
ly, to determine whether there were signs of retrocochlear 
involvement or middle ear problems. Speech reception 
scores were evaluated in relation to the pure-tone thresh­
olds, as described by Gates et al. (22). In all the carriers 
tested, the speech reception scores were within 1 SD of  
the calculated values based on pure-tone thresholds, which 
suggested that speech reception was in accordance with 
the level of hearing loss without suspicion of neural in­
volvement. Tympanometry showed normal middle ear 
pressure and compliance in all five carriers.
The stapedius reflex was elicitable at normal levels 
in four of the five carriers. In carrier 9, no stapedius re­
flex could be elicited up to 120 dB HL. ABR showed 
reproducible responses with normal wave I-V intervals 
in all five carriers tested.
DISCUSSION
Pure-tone audiometry showed that most of the carri­
ers had hearing thresholds that were close to age-relat­
ed normative values (Table 3, rows 6 and 7). There was 
a tendency in the elderly carriers (8 and 9) to have hear­
ing loss in excess of the P50. This seems to be in agree­
ment with findings of other studies, which suggest that 
the cochleae of heterozygotes of the Usher syndrome 
might be more susceptable to degenerative processes 
and/or exogenous influences (9-11).
With use o f  Auclioscan audiometry, hearing notches 
were detected in Usher type IB carriers, but the preva­
TABLE 5. TEOAE response o f  the carriers and controls
within the same age range
Study Group Ears
TEOAE response 
(dB SPL)"
Present Carriers 14 8,4 ±  2.9
Present Controls 34 9.0 ± 4.6
Robinette (21) 97 8.3 ±  5.0
lence did not differ from that found in the control group. 
Hearing notches were found in 22% of the carriers. A 
similar figure was reported by Anderson et al. (13), who 
examined carriers o f  autosomal-recessive deafness using 
Bekesy audiometry, whereas Meredith et al. (14) found 
notches in 100% o f the obligate carriers o f  the Usher 
syndrome type II using the Audioscan method, Differ­
ences between the results o f  this study and the study 
performed by Meredith et al. (14) might be due to the 
fact that two populations with different diagnosis, name­
ly, Usher type II and type I heterozygotes, were studied. 
The two types are genetical distinct, and type 1 is more 
severe. We hypothesized that the influence o f  an Usher 
gene in carriers o f  the Usher syndrome type IB would 
be more prominent than in carriers o f type II, but this 
did not seem to be the case.
If we assume that the Usher gene affects cochlear 
function, then abnormalities are to be expected in tests 
that reflect the function o f the cochlea but not in tests 
that reflect the retrocochlear or middle ear function, as 
was found in this study. The only exception was carri­
er 9, in whom no stapedius reflex could be elicited. Nev­
ertheless, retrocochlear involvement seems unlikely be­
cause o f reproducible and normal ABR results. In their 
study, Anderson et al. (13) also found abnormal stapedius 
reflex thresholds, even in the majority o f their possible 
carriers* They had no explanation for this observation 
and, in later studies, this finding could not be confirmed 
(8,11,12), Therefore, the absence o f the stapedius reflex 
in carrier 9 remains unexplained.
To conclude, notches in hearing sensitivity were not 
more common in the carriers o f  the Usher syndrome 
type IB than in the control subjects. If hearing loss was 
present, it was most probably of cochlear origin, 
Although the number o f  carriers is limited, a clini­
cally relevant conclusion can be drawn. Carriers of the 
Usher syndrome type IB do not show characteristic au­
diometric abnormalities that would enable their identi­
fication by standard audiometric testing,
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